Opportunistic infections caused by Candida tropicalis have been noted with increasing frequency in compromised patients. The pathogenicity of three isolates of C. tropicalis was studied in normal CD-1 mice, streptozotocin-induced diabetic mice, and cyclophosphamide-induced neutropenic mice. Lethal dose 50% endpoints and quantitative distribution of yeast cells in spleen, liver, and kidneys of mice infected intravenously were determined. The virulence of one yeast isolate was greater than that of the other two. The order of susceptibility to mortality and degree of organ colonization was neutropenic > diabetic > normal. Renal lesions resembling those associated with infection by C. albicans appeared by day 5 postinfection in diabetic and neutropenic mice. Greater numbers of C. tropicalis yeast cells were isolated from homogenates of the affected kidneys, suggesting that the kidney is a target organ for this fungus. This study demonstrates the increased susceptibility of compromised mice to C. tropicalis as compared with normal mice and verifies the ability of these yeasts to cause opportunistic disease.
The term candidiasis often is used to describe an infection caused by the yeastlike fungus Candida albicans. Species of Candida other than C. albicans, however, also have the potential to cause infection, particularly in patients who are immunologically or physiologically compromised (7, 12, 13, 20) .
Candida tropicalis has emerged as a potentially dangerous opportunistic fungus. This may be due both to an increased awareness and specific identification of C. tropicalis as an etiologic agent of infection and to an increase in the number of compromised patients susceptible to opportunistic fungi. In one study, C. tropicalis was the most frequent opportunistic fungus isolated from specimens from patients in a critical care unit (12) . C. tropicalis also has been reported to be a frequent opportunistic pathogen in a cancer hospital (7) and has been identified as the etiologic agent in a variety of infections including pyelonephritis (5, 14, 17) , lower urinary tract infections (5) , thrombophlebitis (4) , arthritis (10, 16) , bursitis (16) , meningitis (3) , multiple organ infection (1), pericarditis (6) , and candidate vulvovaginitis (8) .
The purpose of this study was to develop and characterize experimental models of C. tropicalis infection with the goal of learning more about the virulence and pathogenicity of this fungus in different physiologic and immunologic populations of mice. These experiments were designed to answer three questions: (i) are there differences among three strains of C. tropicalis in their lethality and virulence; (ii) Determination of CFU in organs. In a separate series of experiments designed to determine the extent of Candida invasion of organs, groups of normal, diabetic, and neutropenic mice were infected i.v. with 105 viable yeast cells of each isolate of C. tropicalis. On days 1, 2, 5, 7, and 9 p.i., two mice per experimental group were selected at random and sacrificed. The peritoneal and thoracic cavities were exposed and examined for evidence of infection, e.g., lesions or granulomas. Both kidneys, the liver, and the spleen were removed aseptically and transferred to sterile polyethylene bags (Whirl-Pak; Ace Scientific, Linden, N.J.) in which they were homogenized in 5 ml of sterile saline. Samples were removed from each homogenate, serially diluted 10-fold in sterile saline, and plated onto Sabouraud dextrose agar. After incubation at 25°C for 48 h, the colonies were enumerated, and CFU were calculated for each organ. All experiments were performed in duplicate, so that CFU reported are based on four mice per experimental group, a number quite sufficient for accurate statistical analysis as outlined below. All kidney data are from paired kidneys.
Statistical analysis. All data were analyzed by a multivariate analysis of variance (MANOVA). This multivariate analysis allowed for the correlation among CFU obtained from organs within the same animal. The primary response variable considered throughout was log10 of the C. tropicalis CFU. All statistical tests were performed at the 5% significance level. Within 2 days of the initial CY injection, spleen weights and cellularity were markedly decreased. Peripheral leukocyte counts fell as low as 500 cells per mm3 by day 4 of the study, and differential counts of blood smears revealed substantial reduction of polymorphonuclear cells. Leukocyte counts and differential profiles in the CY-treated mice returned to normal by day 10 of the study. Leukocyte counts and differential profiles were not affected by streptozotocininduced diabetes.
Differences in virulence of C. tropicalis isolates. The LD50s for the three strains of C. tropicalis in the normal, diabetic, and neutropenic mouse models are listed in Table 1 . The LD50 data represented 14-day tests and suggested that strain MY1162 was the most lethal strain as measured by mortality. This was confirmed when the combined CFU data from kidneys, spleen, and liver were evaluated by a MANOVA (Tables 2 and 3 ). When the data for the three strains were analyzed across time, at day 1 p.i., all three strains had comparable levels of infection but, by day 5 p.i., strain MY1162 yielded CFU that were considerably higher (approximately 0.6 units on a logl0 scale) than for the other two strains (P < 0.05) ( Table 3 ). While differences in infection levels fluctuated over time, average CFU for MY1162 were consistently higher on and beyond day 5 p.i.
Average CFU for the other two strains were comparable to each other throughout the test period. Differences in strain virulence were consistent across organs and across treatment.
Differences among treatment groups (normal, diabetic, and neutropenic). Testing for differences among the three treatment groups was done by the MANOVA (Table 2) . In this analysis, the focus was on testing for an overall treatment effect and for interactions of such an effect with the other factors, strain, and day. The MANOVA showed that a significant difference in the susceptibility of each group to -----------s-A ,,.. infection existed (P < 0.0001). The existing differences in susceptibility of the three treatment groups were consistent across the three strains of C. tropicalis used; that is, there was no significant strain-by-treatment interaction (P = 0.68).
Overall, the neutropenic mice had significantly higher mean CFU in the organs examined than either the normal or diabetic groups (P < 0.01) ( Table 4 ). Except for day 1 p.i., the neutropenic mice had significantly higher CFU than either of the other two groups (Fig. 1) . From day 5 p.i. on, the diabetic group had significantly higher infection levels than the normal group (P < 0.01) (Fig. 1) . The pattern of differences in CFU per day among the treatment groups varied according to organ (Fig. 1) . Patterns for the spleen and liver were similar to each other; data from the kidneys were greater in magnitude and different in kinetics when compared with the data obtained from the spleen and liver (Fig. 1) . Specifically, in the kidney, the difference in mean logl0 CFU between diabetic and normal mice exceeded that observed between the neutropenic and diabetic groups; this was not observed in the data from the spleen and liver. The order of group susceptibility to extent of organ colonization was neutropenic > diabetic > normal.
Differences among colonization of organs. Upon gross examination, kidneys heavily infected with C. tropicalis were characteristically edematous and hemorrhagic with numerous subcapsular petechial lesions representing foci of yeast cells and hyphae; the grossly affected kidneys occurred by 5 days p.i. in both diabetic and neutropenic mice. Only a few normal mice developed kidney infections severe enough to have petechial lesion manifestations. Testing for differences in colonization of the kidneys, spleen, and liver of mice from the three treatment groups was performed by MANOVA techniques. When the multivariate analysis provided evidence for a statistical effect, more detailed univariate analyses were done to clarify the observed effect further. Analysis of the data indicated that significant differences in the degree of organ colonization existed (P < 0.0001). From day 2 p.i. onward, infection in the kidney, as measured by CFU, was significantly higher than that of the liver and spleen, suggesting that the kidney is the target organ for C. tropicalis infection administered i.v. (Table 5 ).
Colonization of the liver was significantly higher than that of the spleen on average, although the difference between these two organs was not as large as that observed between them and the kidneys. Differences in colonization among organs varied with treatment (P < 0.0001) and with time (P < 0.0001). Differences between kidney and liver and between kidney and spleen CFU were far more pronounced in the neutropenic and diabetic mice than in the normal mice (Fig.  2) . This is partly attributable to the fact that colonization in the kidneys of the normal group never attained levels comparable to those in the diabetic and neutropenic mice (Fig.  2) . The observed differences among organs were consistent across the three strains as evidenced by a nonsignjficant organ-by-strain interaction (P = 0.22). The order of extent of colonization of organs for all three fungal strains and experimental groups was kidney > liver > spleen. DISCUSSION C. tropicalis is considered to be an opportunistic, yeastlike organism which is common both in the environment and as a human commensal organism. Under certain conditions, C. tropicalis has been shown to cause significant morbidity and mortality (1, 3-8, 11, 12, 14, 16, 17, 20) and has been described as a major pathogen in immunocompromised patients (20) .
In the present study, we analyzed colonization of kidneys, liver, and spleen by three strains of C. tropicalis after i.v. inoculation into normal mice, streptozotocin-induced diabetic mice, and CY-induced neutropenic mice. These experimental models were developed to learn more about the Our study demonstrated that one strain of C. tropicalis was more virulent for normal, diabetic, and neutropenic mice than the other two strains examined. This observation was based on lethality studies as well as determination of CFU of yeasts in the kidneys, liver, and spleen. The other two strains of C. tropicalis were comparable to each other in both lithality and colonization of major organs.
Our study determined that the order of group susceptibility to infection by each of the three strains of C. tropicalis was neutropenic > diabetic > normal. This result was not surprising considering the established increase in susceptibility of both diabetic and compromised human patients to opportunistic infections in general. However, it was of interest to verify this hypothesis in the experimental models examined in this study.
Our study also determined that the order of the extent of colonization of major organs for all three fungal strains and experimental groups was kidney > liver > spleen. The highest infection levels occurred in the kidney, indicating that the kidney is the target organ for experimental, systemic C. tropicalis infection. Although CFU fluctuated over time, from day 5 p.i., the data were consistent with the rank of kidney > liver > spleen.
In comparison with studies by other investigators, our study supports the observations by Bistoni et al. (2) of increased pathogenicity of C. tropicalis strains in CY-treated mice. Our study goes further by determining the pathogenicity of C. tropicalis in streptozotocin-induced diabetic mice as well. Our study also complements reports by Vecchiarelli et al. (15) and by Wingard et al. (18) (19) (20) who examined Candida yeast cell-murine immune cell interactions in vitro (15) and the pathogenicity of C. albicans and C. tropicalis in compromised patients (20) and in models of experimentally compromised animals (18, 19 
